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Eukaryotic development requires the precise spatial and
temporal expression of regulatory genes that pattern tissues and
control cell fate. Plants continuously produce new lateral organs
such as leaves and flowers from shoot apical meristems located
at their actively growing tips. These meristems are self-
perpetuating sources of uncommitted, pluripotent stem cells
whose descendents can acquire many different cell fates.
Maintenance of the stem cell reservoir relies on positional
information systems to coordinate the continuous loss of stem
cells through differentiation with their replacement through cell
division. Our studies have revealed that stem cell fate in
Arabidopsis thaliana is controlled by a ligand–receptor signal
transduction pathway that is established during embryogenesis
and maintained throughout the life cycle. Signaling through this
pathway leads to the generation of a spatial negative feedback
loop that holds the stem cell reservoir in a dynamic equilibrium. I
will discuss a role for small, non-coding regulatory RNAs called
microRNAs (miRNAs) in controlling stem cell activity via
destabilization of the negative feedback loop, and the complex
expression patterns and regulation of the miRNAs and their class
III homeodomain-leucine zipper (HD-ZIP) target genes. Our
work is funded by the US Department of Agriculture, the US
National Science Foundation, and the US-Israel BARD Fund.
doi:10.1016/j.ydbio.2006.04.034
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In amphibians, Chordin is expressed in the organizer region
where it is required for neurogenesis and dorsal/ventral axis
specification. Chordin functions by binding to and preventing
BMP proteins from eliciting signal transduction events. In this
study, we show that sea urchin BMP is broadly expressed in the
oral territory, while Chordin expression is restricted to a
sharply defined region that corresponds to a portion of the
neurogenic territory, analogous to amphibian embryos. Chordin
is expressed downstream from Nodal in the oral (ventral)
ectoderm of sea urchin embryos, and is required for neurogen-
esis. GFP-SMAD1/5 protein localization was used to evaluate
the specific regions in which BMP signaling is active, both in
normal embryos and in embryos in which Chordin function
was modulated. Interestingly, Chordin is not involved in axis
specification in sea urchin embryos, in contrast to its role in
vertebrate embryos. This suggests an evolutionary change in
function in conjunction with the development of a centralized
nervous system. Thus, in amphibians both Goosecoid and
Chordin function in specifying the dorsal–ventral axis, while
in echinoderms, Goosecoid regulates axial specification, while
Chordin controls only neurogenesis.
doi:10.1016/j.ydbio.2006.04.035
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The majority of current efforts to understand morphogenesis
are focused on characterizing biochemical signaling molecules.
However, extensive data indicate that poorly-understood
biophysical events control important aspects of development,
regeneration, and neoplasm. Our lab merges molecular and cell
biology with biophysics, physiology, and mathematical mod-
eling to understand the role of endogenous voltage gradients
and ion flows in regulating pattern formation and cell behavior.
Using a number of functional techniques and in vivo imaging
approaches, we hope to integrate the epigenetic signals
produced by ion channel and pump proteins with known
transcription networks. Using gain- and loss-of-function
approaches, we demonstrate the involvement of ion flows in
left–right asymmetry, polarity in frog and planarian regener-
ation, eye development, control of melanocyte behavior, and
doi:10.1016/j.ydbio.2006.04.033
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